Abstract -We numerically study properties of the dynamics of vortices in nonrotating Bose-Einstein condensates in the Thomas-Fermi regime. On the one hand, we compute the vortex energy as a function of its position and we predict, using the expression of the Magnus force, the vortex precession velocity. On the other hand, we calculate the temporal evolution of the vortex-state and test the accuracy of the previous prediction. We also investigate the validity of analytical formulae of this velocity involving the healing length. In addition, we analyze the velocity field and the angular momentum and we compare them to available analytical expressions.
INTRODUCTION
In a two-dimensional Bose-Einstein condensate confined by a nonrotating axisymmetric trap, the nondissipative dynamics of a single off-axis vortex consists of a precession movement [1] . On the other hand, in addition to the ordinary circulating velocity field of such a vortex, which would constitute the whole field if the vortex were located at the trap axis, there exists an induced velocity field [2] . Such an induced field, evaluated near the vortex position, defines the so-called vortex background velocity, which is closely related to the precession velocity. However, in an inhomogeneous medium the above precession velocity has been recently shown to comprise two contributions [3, 4] : one in fact corresponding to the background velocity and the second, which may be called a "core" velocity, depending on the features of the vortex core.
In the present work we numerically analyze these issues for condensates confined by two different trapping potentials. On the one hand, we consider the commonly utilized harmonic potential and, on the other hand, we utilize a recently proposed polynomial potential that can sustain locally stable off-axis vortices, yielding a wider range of precession velocity values.
TRAPPING POTENTIALS
The harmonic potential has the usual form V a ( r , z ) = + , where ω r and ω z denote the radial and axial frequencies, respectively, and m is the particle 1 The article is published in the original. , (1) where r 1 and r 2 denote numerical parameters allowing to model the shape of the potential. We have worked in the limit ω z ӷ ω r and thus the wavefunction can be factorized in the r and z cylindrical coordinates as the product 
where the effective two-dimensional coupling constant between the atoms is g 2 D = 0.34 for the present system. In Figs. 1a and 1b we show the reduced ground state densities ρ ( r ) = |Ψ ( r ) | 2 for both trapping potentials. The number of particles is large enough to assume that the Thomas-Fermi (TF) approximation is appropriate to describe the ground state density, which thus may be obtained by neglecting the kinetic term in the above expression. Therefore, the shape of this function has the form of the respective inverted potentials. On the other hand, the vortex states are numerically obtained by phase imprinting methods. The corresponding density profiles ρ v ( r ) (Fig. 1 ) are similar to that of the ground state ρ 0 ( r ), except for the presence of the vortex core. being r 0 = | r 0 | . For this purpose we have numerically computed the energy E as a function of the vortex position for both trapping potentials. In Fig. 2 we depict the vortex energy E v = E -E 0 , being E 0 the ground state energy. We also plot in that figure a theoretical estimate
, which is displayed as solid lines. Such an estimate has been derived [9, 10] under the hypothesis that the size of the vortex core is of the order of the healing length ξ, which is utilized as a cutoff parameter in the corresponding integral. Thus, the theoretical prediction reads (4) where R TF denotes the condensate radius and ξ = . Figure 3 shows the vortex pre- 
